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Objective The purpose of this study was to investigate the association between the T102C polymorphism in the serotonin 2A receptor 
gene and attention-deficit/hyperactivity disorder (ADHD) in Korean patients. 

Methods A total of 189 Korean children with ADHD as well as both parents of the ADHD children and 150 normal children partici- 
pated in this study. DNA was extracted from blood samples from all of the subjects, and genotyping was conducted. Based on the allele 
and genotype information obtained, case-control analyses were performed to compare the ADHD and normal children, and Transmis- 
sion disequilibrium tests (TDTs) were used for family-based association testing (number of trios=113). Finally, according to the signifi- 
cant finding which was showed in the case-control analyses, the results of behavioral characterastics and neuropsychological test were 
compared between ADHD children with and without the C allele. 

Results In the case-control analyses, statistically significant differences were detected in the frequencies of genotypes containing the C 
allele (X 2 =4.73, p=0.030). In the family-based association study, TDTs failed to detect linkage disequilibrium of the T102C polymor- 
phism associated with ADHD children. In the ADHD children, both the mean reaction time and the standard deviation of the reaction 
time in the auditory continuous performance test were longer in the group with the C allele compared to the group without the C allele. 

Conclusion The results of this study suggest that there is a significant genetic association between the T102C polymorphism in the 
serotonin 2A receptor gene and ADHD in Korean children. Psychiatry Investig 2012;9:269-277 
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INTRODUCTION 

Studies on the causes and pathogenesis of attention-deficit/ 
hyperactivity disorder (ADHD) are actively underway. As 
many researches have reported that ADHD is heritable in 60- 
100% of cases, 1 the importance of conducting molecular ge- 
netic studies on ADHD is higher than ever. 
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Association analysis is the most widely used molecular ge- 
netic research method in studies of human disease because it 
is more likely to detect genes of interest compared to other 
methods as long as the candidate genes are selected properly. 
Family-based association analysis has also been used fre- 
quently in this type of investigation in recent years. The trans- 
mission disequilibrium test (TDT) is one of the representative 
methods for family-based association analysis. 2,3 

Similar to analyses that have been used to evaluate other 
mental disorders, molecular genetic studies involving ADHD 
have focused on several neurotransmitters which play major 
roles in the pathophysiology of these diseases. Consequently, 
the researches have been conducted on the candidate genes of 
all components that comprise the dopaminergic system, such 
as the studies for dopamine transporter 1, dopamine receptor 
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types 1-5 (Dl, D2, D3, D4, D5), monoamine oxidase (MAO), 
and catechol-O-methyltransferase (COMT). Moreover, in re- 
cent years, studies related to the norepinephrinergic system in 
ADHD have also been reported. 4,5 

In contrast, the molecular genetic interest in the serotoner- 
gic system has been relatively small, which is attributed to the 
lack of consistent results from the early studies on the rela- 
tionship between ADHD and serotonergic substances. Nev- 
ertheless, in the late 1990s, it was reported that the serotoner- 
gic system is associated with aggressive behavior in children 
with ADHD 6,7 In particular, one study using dopamine trans- 
porter knock-out mice, which are animal models for hyper- 
activity in ADHD, demonstrated that the serotonergic system 
is involved not only in regulating aggressive behaviors associ- 
ated with ADHD but also in regulating hyperactivity. 8 Based 
on these findings, Quist and Kennedy 9 claimed that seroto- 
nergic substances show widely variable correlations with sev- 
eral ADHD symptoms, similar to the results of previous stud- 
ies on serotonin-related substances in the blood, urine, or 
cerebrospinal fluid of ADHD patients. 

The serotonergic candidate genes that have been studied 
primarily so far include the serotonin transporter (5-HTT), 
serotonin 2A-type receptor (5-HTR2A), and serotonin IB-ty- 
pe receptor (5-HTR1B). 

The 5-HTR2A is a post-synaptic receptor. 5-HTR2A antag- 
onist reduced hyperactivity induced by amphetamine, which 
is a representative substance of the dopaminergic system. 10 
Furthermore, 5-HT neurons innervate dopamine neurons ei- 
ther directly via postsynaptic 5-HTR2A on the dopamine ne- 
uron or indirectly via 5-HTR2A receptors on GABA inter- 
neurons. When serotonin is released onto the postsynaptic 
5-HTR2A, it would be like a brake on dopamine release, so 
the dopamine neuron would be inhibited. 11 On the basis of 
these reports, researchers studying the molecular genetics of 
ADHD became interested in the interaction between 5-HTR- 
2A and the dopaminergic system. 

The 5-HTR2A gene is located on chromosome 13ql4-q21, 
and the polymorphisms in this gene that are most frequently 
found in the general population are T102C, A-1438G, and 
His452Tyr. Among them, A-1438G was found to be a muta- 
tion in the gene promoter region, 12 while His452Tyr is located 
at the intracellular C-terminal end of the protein, and the sec- 
ondary structure of the receptor protein may be altered by 
this mutation. 13 Furthermore, T102C and A-1438G have been 
reported to show strong linkage disequilibrium. 14 

There have been a number of studies involving ADHD and 
5-HTR2A gene polymorphisms. One such study by Quist et 
al. 15 revealed selective transmission of the 452Tyr allele of the 
His452Tyr polymorphism, which was not observed for the 
T102C polymorphism. However, a study by Hawi et al. 16 re- 



ported that the 452His allele was selectively transmitted in- 
stead. Furthermore, Zoroglu et al. 17 reported that no signifi- 
cant results were found in both T102C and A-1438G poly- 
morphisms. On the other hand, researchers have reported 
that selective transmissions were found in T102C polymor- 
phisms in Chinese Han children with ADHD. 18 

Thus, a number of studies addressing the involvement of 
the 5-HTR2A polymorphism in ADHD have been conduct- 
ed, but their results are not yet clear. In particular, many of 
these studies involve non-Asians, such as Caucasians. Other 
than the two studies conducted in China, few investigations 
have targeted Asian populations. Therefore, additional studies 
within the Korean population are necessary. Furthermore, 
few of the previous studies have reported results about rela- 
tionship between the neuropsychological/behavioral charac- 
teristics and the genotypes in ADHD patients. 

Therefore, in this study, we aimed to identify the associa- 
tion between the 5-HTR2A gene polymorphism with ADHD 
in Korean patients using a case-control association analysis 
and family-based TDT, as well as to investigate changes in 
neuropsychological and behavioral characteristics, depending 
on the genotype or allele frequencies of the ADHD patients. 

METHODS 

Research subjects 

ADHD outpatients who visited the Child and Adolescent 
Psychiatric Departments at 4 hospitals were selected for the 
study based on the following factors: 1) an age more than 5 
years old; 2) diagnosis of ADHD using the DSM-IV 19 diag- 
nostic criteria and semi-structured interviews; and 3) a total 
score on the Parent ADHD Rating Scale (Korean ADHD Rat- 
ing Scale; K-ARS) 20 under the 90 th percentile cutoff point. On 
the other hand, patients with the following conditions were 
excluded from the study: 1) an IQ of 70 or less; 2) a congenital 
genetic disorder; 3) a history of acquired brain injury, such as 
cerebral palsy; 4) a seizure disorder or other neurological dis- 
ease; 5) a developmental disability, such as autism; and 6) 
schizophrenia, bipolar disorder, other childhood psychosis, 
Tourettes syndrome, speech disorder, or severe learning dis- 
ability. 189 ADHD patients who satisfied these selection and 
exclusion criteria and agreed to cooperate in the study, and 
113 pairs of biological parents of these patients who were able 
to cooperate in the blood sampling and other research were 
selected as the study subjects. Because 3 patients did not re- 
ceive results from the genetic analysis due to an error during 
the analysis, they were excluded from the association analysis; 
therefore, a total of 186 patients were assessed. 

As the normal control group, 150 students were selected 
from one elementary school in Seoul and another in Jeonju 
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after excluding children according to the following criteria: 1) 
having major medical/neurological/psychiatric diseases, as 
determined through parent surveys; 2) exhibiting serious be- 
havioral problems, as determined through telephone consul- 
tations with their teachers; 3) presenting a total K-ARS score 
falling above the 90 th percentile cutoff point; and 4) having an 
IQ of 70 or less (overall intelligence was estimated through 
vocabulary and block design subtests from the KEDI-WISC 
intelligence assessment). 21 

This study was approved by the Bioethics Committee of the 
College of Medicine at Chungbuk National University. A 
written description of the research protocol was provided to 
the parents and children who decided to participate in the stu- 
dy, and written consent forms were obtained. 

Clinical and neuropsychological assessments 

The clinical and neuropsychological assessment tools used 
in this study were as follows: 

Kiddie- Schedule for Affective Disorders and 
Schizophrenia-Present and Lifetime Version-Korean 
Version (K-SADS-PL-K) 

This is a semi-structured interview tool that was designed 
to assess the current and continuing morbidities of 32 child 
and adolescent psychiatric disorders and the severity of the 
symptoms based on DSM-IV diagnostic criteria. 22 A version 
of this tool has been translated into Korean. Using this tool, 
we examined the diagnoses of the ADHD children, their sub- 
type classifications, and the presence of any coexisting dis- 
eases. 

Korean Educational Development Institute-Wechsler 
Intelligence Scale for Children (KEDI-WISC) 23 

As an intelligence assessment tool for children and adoles- 
cents, it was modified and supplemented using the American 
WISC-R so that the items thought to have cultural differences 
were made to fit Korean society. This study used 3 variables of 
verbal IQ, performance IQ, and full-scale IQ. 

Korean ADHD Rating Scale-IV for Parents and 
Teachers (K-ARS) 20 

This tool has been designed to assess ADHD symptoms in 
school-age children, and a Korean version has been devel- 
oped and standardized. This instrument consists of a total of 
18 questions and is arranged such that the total score for the 
odd-numbered questions measures the symptoms of atten- 
tion deficit disorder, while the total score for the even-num- 
bered questions measures the symptoms of hyperactive-im- 
pulsive disorder. 



Korean Child Behavior Checklist (K-CBCL) 

This tool, which was developed by Achenbach et al., 24 mea- 
sures parents' observations of various aspects of their chil- 
dren's behaviors and has been developed and standardized for 
the Korean population. The K-CBCL consists of 2 types of 
scales to assess social competence and problem behavior. 
Among these scales, the problem behavior scale consists of 13 
subscales, which can be divided into internalizing problems 
subscales and an externalizing problems subscales. In this 
study, we used scores from 3 types of scales, including an in- 
ternalizing problems subscale, an externalizing problems sub- 
scale, and an overall problem behavior scale. 

Continuous Performance Test (CPT) 

The CPT is a very important tool for assessing attention, 
and in this study, we used the ADHD Diagnostic System, 25 
which was developed in Korea. This system consists of a visu- 
al CPT and an auditory CPT. The following indicators were 
calculated: the omission error, the commission error, the mean 
reaction time, and the standard deviation of reaction time. 
We used all indicators in this study. 

Genetic analysis 

DNA extraction and storage 

Approximately 10 cc of whole blood was collected from 
each subject in every group (patient, parent, and control grou- 
ps) who participated in the genetic analysis, and the blood 
samples were stored at -20°C. Genomic DNA was extracted 
from frozen blood using the G-DEX™II Genomic DNA Ex- 
traction Kit (Intron, Korea). 

Analysis of candidate genes 

The 5-HTR2A gene T102C polymorphism was analyzed 
using a chip-based MALDI-TOF mass spectrometry platform 
(Sequenom, Inc., CA). The general test method described in 
the basic protocol provided by the manufacturer was used. 

PCR 

PCR primers (T102C-F: 5'-ACG TTG GAT GTG ATG 
ACA CCA GGC TCT ACA, T102C-R: 5'-ACG TTG GAT 
GAG AGA CAC GAC GGT GAG AGG) were designed us- 
ing the Primer3 program (http://www-genome.wi.mit.edu/ 
cgi-bin/primer/primer3_www.cgi). PCRs were carried out in 
5 |xL of IX PCR buffer (TAKARA, Japan) that contained 4.0 
ng of genomic DNA, 100 nM of bidirectional primer, 2.5 mM 
MgCl 2 , 0.2 mM dNTP, and 0.1 U HotStar Taq Polymerase 
(Quiagen GmbH, Germany). The PCRs were performed as 
follows: 15 minutes of denaturation at 95°C, followed by 45 
cycles of denaturing for 20 seconds at 95°C, annealing for 30 
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Table 1. Demographic and clinical characteristics of ADHD pro- 
bands and controls 



Characteristics 


Probands (N=189) 


Controls (N=150) 


Age (years)* 


9.2±2.3 


9.4±0.6 


IQ* 


105.0±14.6 


100.5±8.5 




N 


% 


N % 


Sex 








Male 


166 


87.8 


131 87.3 


Female 


23 


12.2 


19 12.7 


ADHD subtype 








Combined 


115 


60.8 


- 


Inattentive 


32 


16.9 


- 


Hyperactive-impulsive 


15 


7.9 


- 


Not otherwise 


27 


14.3 


- 


specified 








Comorbid disorder 








Oppositional defiant 


18 


9.5 




disorder 








Conduct disorder 


2 


1.1 




Mood disorder 


3 


1.6 




Anxiety disorder 


6 


3.2 




Enuresis 


6 


3.2 





*mean± standard deviation. ADHD: attention-deficit/hyperactivi- 
ty disorder 



seconds at 56°C, and extension for 1 minute at 72°C; the final 
extension was performed for 3 minutes at 72°C. 

Homogeneous MassEXTEND (hME) 

The PCR products were treated with 0.3 U of shrimp alka- 
line phosphatase for 20 minutes at 37°C, after which the en- 
zymatic activity was inhibited for 5 minutes. The hME reac- 
tion was performed in a 9 uL reaction mixture containing the 
hME enzyme (Thermosequenase, GE Healthcare, UK), ACT 
termination mix, and 5 uM extension primers (T102C-E: 5'- 
AGA AGT GTT AGC TTC TCC; G861C-E: 5'-AAT CCG 
GAT CTC CTG TGT ATG T). The primer extension reaction 
was carried out in 55 cycles consisting of 2 minutes of dena- 
turation at 94°C, followed by 5 seconds at 94°C, 5 seconds at 
52°C, and 5 seconds at 72°C. The reaction products were de- 
salted using SpectroCLEAN (Sequenom, Inc., CA), and a 
SpectroJET (Sequenom, Inc., CA) was used to spot a 384- well 
SpectroCHIP (Sequenom, Inc., CA). The prepared Spectro- 
CHIP was analyzed using the automated MALDI-TOF Mas- 
sARRAY system (Bruker-Sequenom, CA). Following auto- 
mated peak calling, samples with bad call signs that could be 
confirmed using the naked eye were further analyzed. 



Statistical analysis 

To evaluate the demographic and clinical characteristics of 
the study subjects, Student's t-test was performed to compare 
the ages and IQs between the case group and control group, 
and a X 2 (chi-square) test was performed to compare the sex- 
es. In addition, Students t-test was used to analyze the results 
from the clinical scale and neuropsychological tests according 
to the genotypes of the case group. 

Furthermore, a X 2 test was also performed to evaluate the 
association analysis between the case -control groups, whereas 
for the family-based association analysis, a TDT was per- 
formed using McNemar's X 2 test under the hypothesis that 
specific alleles are inherited more favorably. This study in- 
cluded only cases in which the patient-father-mother trio 
participated in the analyses. 

SPSS 10.0 for Windows was used for the statistical analyses, 
and the significance level was set at p<0.05. 

RESULTS 

Demographic and clinical characteristics 
of the subject groups 

There was no significant differences between the age of case 
(9.2±2.3 years) and the control (9.4±0.6 years)(Table 1). With 
respect to the sex ratios, there were higher proportions of 
males in both groups (87.8% and 87.3%, respectively). The 
overall IQ of the case group was 105.0±14.6, which was not 
significantly different from that of the control group (100.5± 
8.5). 

The comorbid disorders of the case group were as follows: 
oppositional defiant disorder (9.5%) >anxiety disorder 
(3.2%)=enuresis (3.2%) >mood disorder (1.6%). A total of 5 
subjects presented with more than two comorbid disorders, 
including 2 cases with both oppositional defiant disorder and 
anxiety disorder, 2 cases with both oppositional defiant disor- 
der and enuresis, and 1 case with both conduct disorder and 
mood disorder. 

Case-control association analysis results 

Hardy- Weinberg equilibrium analysis of the genotype dis- 
tributions of the target genes in the case group and control 
group revealed that equilibrium was maintained for both the 
case (X 2 =2.61, p=0.106) and control group (X 2 =0.75, p=0.387). 

The frequency distribution of the 3 genotypes among the 
entire ADHD patient group and the control group did not re- 
veal any statistical differences (p=0.078), though the T/C type 
tended to appear more frequently in the patient group. More- 
over, the frequency distributions of the groups according to 
the presence of T allele were also examined, and no statistical 
difference was detected between the case and the control gro- 
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up (p=0.899). However, comparison of the distributions be- 
tween the case and control groups according to the presence 
of C allele showed that there were significant differences 
(X 2 =4.73, p=0.030) between the groups with (78.5% vs. 68.0%) 



Table 2. Comparison of the genotype and allele frequencies of 
T102C polymorphism of 5-HT2A receptor gene between ADHD 
probands and controls 





Probands (N=186) 


Controls (N=150) 


P 




N 


% 


N 


% 


value 


Genotype 












T/T 


40 


21.5 


48 


32.0 




T/C 


104 


55.9 


69 


46.0 


0.078 


C/C 


42 


22.6 


33 


22.0 




Allele 












T 

C 


184 
188 


49.5 
50.5 


165 
135 


55.0 
45.0 


0.153 


Grouping 1 












With T allele 
Without T allele 


144 
42 


77.4 
22.6 


117 

33 


78.0 
22.0 


0.899 


Grouping* 












With C allele 
Without C allele 


146 
40 


78.5 
21.5 


102 

48 


68.0 
32.0 


0.030* 



Comparisons were conducted using X 2 (chi-square) test. *p<0.05, 
tgenotype grouping according to the presence of T allele, tgenotype 
grouping according to the presence of C allele. ADHD: attention- 
deficit/hyperactivity disorder 



Table 3. Comparison of the genotype and allele frequencies of 
T102C polymorphism of 5-HT2A receptor gene between the pro- 
bands of ADHD combined type and controls 





Probands (N=113) 


Controls (N=150) 


P 




N 


% 


N 


% 


value 


Genotype 












T/T 


22 


19.5 


48 


32.0 




T/C 


67 


59.3 


69 


46.0 


0.049* 


C/C 


24 


21.2 


33 


22.0 




Allele 












T 

C 


111 
115 


49.1 
50.9 


165 
135 


55.0 
45.0 


0.181 


Grouping 1 " 












With T allele 
Without T allele 


89 
24 


78.8 
21.2 


117 

33 


78.0 
22.0 


0.882 


Grouping* 












With C allele 
Without C allele 


91 

22 


80.5 
19.5 


102 

48 


68.0 
32.0 


0.023* 



Comparisons were conducted using X 2 (chi-square) test. *p<0.05, 
tgenotype grouping according to the presence of T allele, tgenotype 
grouping according to the presence of C allele. ADHD: attention- 
deficit/hyperactivity disorder 



and without (21.5% vs. 32.0%) C allele (Table 2). 

In addition, an association analysis was conducted between 
the control group and the combined-type ADHD subtype 
(n=113), which was the ADHD subtype showing the highest 
distribution. The results indicated that there were significant 
differences (x 2 =6.02, p=0.049) in the frequency distributions 
of the 3 genotypes between the case group (T/T 19.5%, T/C 
59.3%, C/C 21.2%) and the control group (T/T 32.0%, T/C 
46.0%, C/C 22.0%). Furthermore, comparison of the distribu- 
tions between the case and control groups according to alleles 
also showed that there were significant differences (X 2 =5.18, 
p=0.023) between the groups with (80.5% vs. 68.0%) and 
without (19.5% vs. 32.0%) C allele. However, there were no 
significant differences in allele frequency (p=0.181) or classi- 
fication according to the presence of the T allele (p=0.882) 
(Table 3). 

Results of TDT analysis for families 
of ADHD patients 

To analyze the results of the TDT, Hardy- Weinberg equilib- 
rium analyses were performed separately for the genotype 
distributions of the ADHD patient, father, and mother grou- 
ps, revealing that Hardy- Weinberg equilibrium was main- 
tained in each case (patient group: X 2 =l-65, p=0.199; father 
group: X 2 =0.94, p=0.333; mother group: X 2 =l-65, p=0.199). 

A TDT analysis was conducted on the entire family group 
of the patient-parent trios, but the selective transmission of a 
specific allele was not observed (p= 1.000) (Table 4). Likewise, 
no selective transmission of a specific allele was observed in 
the trios (n=66) of the combined-type ADHD patient fami- 
lies (p=0.718). 

CPT and K-CBCL results in the patient group 
according to the presence of the C allele 

Based on the earlier finding of significant differences in the 
genotype distributions of the case and control groups accord- 
ing to the presence of the C allele, as revealed by the case- 
control analysis, we investigated the results of CPT and K- 
CBCL according to the presence of the C allele in the ADHD 
patient group. 



Table 4. Result of transmission disequilibrium test (TDT) of T102C 
polymorphism of 5-HT2A receptor gene in all ADHD trios 







Transmitted 








C 


T 


Not transmitted 


C 


62 


54 




T 


54 


50 



Comparison was conducted using McNemar s X 2 test. No signifi- 
cant biased transmission was found in TDT analysis of any allele 
(X 2 =0.00, df=l, p=1.000). ADHD: attention-deflcit/hyperactivity 
disorder 
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The age difference between the group with the C allele and 
without the C allele was not significant (p=0.243). Moreover, 
there were no significant differences between the two groups 
regarding total IQ (p=0.874), verbal IQ (p=0.742), or perfor- 
mance IQ (p=0.333). However, the group with the C allele pre- 
sented significantly higher scores in the mean reaction time 
(t=2.956, p=0.004) and in the standard deviation of reaction 
time (t=2.654, p=0.009) of the auditory CPT compared with 
the group without the C allele, whereas the scores for the omi- 
ssion error (t=-2.539, p=0.012) and commission error (t=-2.820, 
p=0.007) tests of the visual CPT were significantly lower in 
the group with the C allele compared the group without the C 
allele. Furthermore, the group with the C allele showed a sig- 
nificantly lower score compared with the group without C al- 
lele on the externalizing symptoms subscale (t=-2.316, p= 
0.022) of the K-CBCL (Table 5). 

DISCUSSION 

With respect to the comorbid disorders in the subject 
groups in this study, oppositional defiant disorder was ob- 
served at a frequency of 9.8%, whereas the other 4 disorders 
(anxiety disorder, enuresis, mood disorder, and conduct dis- 
order) were found at minimum and maximum frequencies of 
1.1% and 3.2%, respectively. However, we believe that the re- 
sults of the present study adequately reflected the genetic ef- 



fects of ADHD, because the frequency of comorbid disorders 
in our study population was comparatively lower than that in 
previous genetic studies about 5-HT2A in ADHD. 26,27 

The most significant results of this study came from the as- 
sociation analysis, which revealed that there was a significant- 
ly higher proportion of genotypes that included the C allele 
(C/C and T/C) in the case group compared with the control 
group. Furthermore, this difference was more noticeable 
when the case group was limited exclusively to the combined- 
type patients rather than the entire ADHD group, and the 
significant difference of the proportion of 3 genotypes were 
observed in the combined-type patients only. Todd et al. re- 
ported that DSM-IV combined-type ADHD might be a ge- 
netically homogeneous subgroup. 28 Furthermore, from the 
point of sibling risk ratio, the risk of combined-type ADHD 
was slightly higher than that of broadly defined ADHD. 29 
Therefore, the results of combined-type ADHD in our study 
demonstrate the importance of C allele more remarkably. 

Most of the previous studies involving the T102C polymor- 
phism were family-based, whereas few case-control studies 
have investigated this polymorphism. However, in a group of 
Chinese Han subjects, Li et al. 17 reported results that were no- 
tably similar to those of our study. In particular, the combined- 
type genotype distributions of the case and control groups 
were 22.3% vs. 33.5% for the T/T type and 64.0% vs. 47.3% 
for the T/C type, respectively, and thus similar genotype dis- 



Table 5. Comparisons of the scores of the CPT and K-CBCL tests between ADHD probands with C allele and without C allele in T102C 
polymorphism of 5-HT2A receptor gene 





Proband with C allele 


Proband without C allele 


t 


p value 


IQ score 












Verbal 


105 


6(14.1)t 


104.7(17.1) 


0.331 


0.742 


Performance 


102 


.0(13.4) 


104.7(15.6) 


-0.610 


0.333 


Total 


104 


,3(13.8) 


104.7(16.9) 


-0.159 


0.874 


CPT 












Visual-omission errors 


76 


.9 (37.3) 


95.8 (40.0) 


-2.539 


0.012* 


Visual-commission errors 


75 


.0 (31.0) 


99.9 (49.3) 


-2.820 


0.007** 


Visual-reaction time 


54 


.3 (15.0) 


51.2 (15.4) 


1.057 


0.292 


Visual-standard deviation of reaction time 


80 


.4 (32.3) 


103.4 (67.1) 


-1.969 


0.056 


Auditory-omission errors 


60 


.8 (18.9) 


61.7(18.5) 


-0.249 


0.803 


Auditory-commission errors 


60 


7(21.5) 


65.2 (30.5) 


-0.252 


0.353 


Auditory- reaction time 


56 


5 (17.6) 


45.8 (19.3) 


2.956 


0.004** 


Auditory- standard deviation of reaction time 


64 


5(15.1) 


56.7 (14.0) 


2.654 


0.009** 


K-CBCL 












Internalizing symptoms 


55 


.7 (10.0) 


56.1 (8.8) 


-0.235 


0.815 


Externalizing symptoms 


57 


2 (10.9) 


62.5 (9.6) 


-2.316 


0.022* 


Total symptoms 


58 


6 (9.6) 


61.6 (7.7) 


-1.490 


0.139 



Comparisons were conducted using independent T- 
K-CBCL: Korean Child Behavior Checklist, ADHD: 



test. *p<0.05, **p<0.01, "fmeanistandard deviation. CPT: Continuous Performance Test, 
attention-deficit/hyperactivity disorder 
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tributions and percentages were revealed. Other studies that 
treated issues related to the T102C polymorphism 1416 were on 
Caucasian subjects and did not suggest any significant results. 
Both the previous studies and our present study suggest that 
the T102C polymorphism of the 5-HTR2A gene shows sig- 
nificant differences between the ADHD case and control 
groups but only in the northeast Asian population. 

No selective transmission of the T or C allele within fami- 
lies was observed in the TDT performed in the present study. 
A review of previous studies showed that significant selective 
transmission of the T or C allele has also not been observed 
in Caucasian subjects; however, selective transmission of the 
His452 allele of the His452Tyr polymorphism within families 
has been reported. 14,15 In contrast, a study by Li et al. detected 
selective transmission of the C allele in families of female 
combined- type patients using the TDT (195 trio). Similarly, 
in the present study, the TDT conducted on trios (n=13) for 
the entire female ADHD group revealed a tendency to trans- 
mit the C allele, although the results were not statistically sig- 
nificant (p=0.08). 

However, not only was the presence of the C allele impor- 
tant regarding the differences in distribution between the case 
and control groups, but also when the score of CPT and K- 
CBCL were compared within the ADHD patient group, the 
group with the C allele and the group without the C allele 
showed different results. Therefore, caution is necessary in in- 
terpreting these results. 

First, the group without the C allele exhibited significantly 
higher omission and commission errors in visual attention 
compared with the group with the C allele, and the external- 
izing symptoms in K-CBCL were also significantly high. With 
respect to this idea, Bjork et al. 30 conducted a study on normal 
subjects without ADHD and reported on the results of the 
CPT with regards to the T102C polymorphism. These re- 
searchers reported that the visual commission error score 
from the CPT was significantly higher for the T/T genotype 
compared to the T/C and C/C genotypes. Although these re- 
searchers used unaffected individuals as subjects, their results 
were similar to those of our study in terms of visual attention. 

What is even more significant in the present study is that 
the mean reaction time and standard deviation of the reac- 
tion time for the auditory CPT were higher in the group with 
the C allele compared to the group without the C allele. 

There have been various studies performed focusing on 
modality-specific attention problems, such as visual attention 
and auditory attention. For example, Cooley and Morris 31 
claimed that attention is specific to each sensory system, i.e., 
the visual, auditory, and verbal systems. Bedi et al. 32 noted 
that among normal children, those children who display 'vi- 
sual distractibility' have a significant correlation between vi- 



sual distractibility and the inattentiveness reported by teach- 
ers; however, those children who display auditory distracti- 
bility have significant correlations between auditory distracti- 
bility and academic achievement. Moreover, there have been 
a number of reports that some ADHD children are classified 
as having the 'central auditory processing disorder'. 33,34 In par- 
ticular, the neurophysiological studies on the relationship be- 
tween serotonergic substances and the auditory attentiveness 
are in the spotlight. Research on the association between se- 
rotonergic substances and auditory attentiveness using a 
method measuring auditory selective attention while con- 
ducting tryptophan depletion tests revealed that serotonin is 
associated with the modulation of auditory attention. 35 There- 
fore, our findings in the present study most likely suggest that 
the existence of the C allele in ADHD causes variation in the 
serotonergic system that negatively affects auditory attention 
in particular. In other words, we think that the T102C poly- 
morphism is associated with the modality-specific attention 
problems observed in ADHD. 

However, there may be another reason for such complex 
results. As stated in the introduction, if the dopaminergic and 
noradrenergic systems are directly impacts the manifestation 
of ADHD, the serotonergic 5-HTR2A gene does not have a 
direct effect but rather affects the manifestation of ADHD by 
modulating the dopaminergic system, which may have re- 
sulted in these complex findings. 

Considering clinical treatment in conjunction with the re- 
sults of this study, it should be noted that the mechanism of 
action for atypical antipsychotics, which are another choice in 
drug treatment for children and adolescents, involves not 
only the dopaminergic system but also the serotonergic sys- 
tem. For instance, the typical mechanism of action of risperi- 
done is to block DR2 and 5-HTR2A, so risperidone is classi- 
fied as a serotonin-dopamine antagonist. Additionally, aripi- 
prazole, which is known to have both dopaminergic partial 
agonist effects and 5-HTR2A blocking effects, has recently 
been shown to be slightly effective in treating ADHD. 36,37 This 
finding suggests that interactions between the serotonergic 
and dopaminergic systems are very important in ADHD. Of 
course, not all children with ADHD benefit from treatment 
with risperidone or aripiprazole compared with mefhylpheni- 
date, but a subgroup with a far superior reaction to these drugs 
may exist, and the C allele may be included as one of the mar- 
kers for such a subgroup. 

There were several limitations of this study. First, there were 
a total of 189 patients and 115 trio subjects in the patient and 
family groups, which is significantly lower than the ideal study 
population size. The use of a small number of subjects has 
also caused problems in previous similar studies, as parental 
cooperation is not easy to obtain when study subjects are chil- 
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dren or adolescents, rather than adults. Although 4 university 
hospitals participated in the study together, a true multi-cen- 
ter study that includes more hospitals will be necessary in the 
future. 

Second, out of the three types of genetic polymorphisms 
that have been reported in 5-HTR2A, only T102C was exam- 
ined in this study. Thus, the possibility of obtaining a different 
result cannot be ruled out if a candidate gene is selected from 
a different genetic locus. 

Third, the only neuropsychological testing selected in the 
present study was the CPT. If we had conducted more elabo- 
rate neuropsychological tests by performing other important 
tests in addition to the CPT, we may have been able to identify 
differences in the neuropsychological test results according to 
each genotype more impartially. 

Despite these limitations, this study is significant in the fol- 
lowing respects: this study conducted a case-control study 
and a family-based association study for the gene polymor- 
phism of 5-HTR2A that focused on the serotonergic system 
transmission, which has rarely been reported in Korean AD- 
HD children; this study discovered that significant differences 
were found depending on the presence of the C allele, and the 
patient group showed differences in modality- specific atten- 
tion depending on the presence of the C allele. These results 
may be useful for future studies addressing ADHD treatment 
methods and for selecting drugs that affect the interactions 
between the dopaminergic and serotonergic systems or the 
norepinephrinergic and serotonergic systems. It is our hope 
that the limitations of this study will be overcome in the fu- 
ture and that there will be breakthroughs in elucidating the 
causes of ADHD as well as in improving treatment options, 
early intervention, subtype detection, and diagnosis related to 
this disease through genetic research on a wider variety of 
components involved in the serotonergic system. 
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